INTRODUCTION

37
In nature, bacterial infection normally shows a tightly regulated host specificity in which 38 the ability to colonize is dependent on species-specific molecular interactions that determine 39 the host range of the pathogen (e.g., porin proteins, type IV pili, and proteases) (1) . Despite this 40 barrier, some bacteria show cross-kingdom pathogenicity (2-4). To infect hosts across 41 kingdoms, first, a pathogen must evade or overcome the immune systems of different hosts 42 long enough to colonize. The innate immune system (non-antigen-specific immune system) in 43 host-organisms plays an essential role in host defense and is the first hurdle that pathogenic 44 bacteria must overcome (5).
45
Various phagocytes, such as macrophages, neutrophils, and dendritic cells are involved in is one mechanism through which bacteria can evade the mammalian immune system (16, 17) . 63 Similar to the importance of cofilin-mediated actin rearrangement in the mammalian innate 64 immune system, the actin (de)polymerization factor-based cytoskeleton network plays a Due to the difficulties involved in studying pathogens in different kingdom hosts, few 76 studies have examined the activity of effectors from plant pathogenic species in animal cells; 77 therefore, there is no evidence that plant pathogenic bacterial effectors also target the actin 78 filaments system in animal cells. Initially, we questioned that if actin-filaments network plays 79 an important role in both animal and plant innate immune system and, if pathogen regulates 80 actin filament dynamics for immune system disruption, it might be possible that plant pathogen 
RESULTS
92
Pseudomonas syringae suppresses an early step in macrophage-mediated phagocytosis. of Pto-GFP was significantly lower than that in the presence of the other plant pathogen (Pta-100 GFP), or in response to E. coli-GFP employed as a control (Fig. 1A) . Confocal microscopy 101 images also clearly indicated that Pto-GFP (green) was less able to be engulfed by 102 macrophages (blue) than the other bacterial strains (Fig. 1B) . Since flow cytometry signals and 103 plain images from confocal microscopy did not provide information on the subcellular 104 localization of plant pathogens, Z-stack images (X-Z plane) of the Pta or Pto/macrophage 105 complexes were reconstructed. The images showed that, unlike Pta-GFP, Pto-GFP attached to 106 the surface of the macrophages rather than internalizing (Fig. 1C, white arrows) . Additionally, 107 a gentamycin protection assay (26) revealed that the macrophages internalized the Pto strain to 108 a lesser extent than Pta or E. coli. The number of internal bacterial cells was determined as the 109 number of colony forming units (CFU) after gentamycin treatment to remove surface-attached 110 bacteria (Fig. 1D ).
111
Since phagocytosis involves not only internalization of bacteria but also phagosome 112 maturation (7, 8) , additional assays to confirm phagosome maturation were performed by were eliminated after incubation within macrophages, indicating cell lysis in the phagosome 117 (Fig. S1A) . No differences were observed in expression of early (Eea1 and Rab5) or late (Rab7 118 and Lamp1) phagosomal markers, indicating equivalent phagosome maturation in response to 119 infection with each of the three species (Fig. S1B) Pto ΔhrpL, a absence of regulator of effector genes (T3SS-null mutant) (30), was employed.
130
As expected, Pto ΔhrpL showed recovery of phagocytosis determined by flow cytometry (Fig.   131 2A), gentamycin protection assay (Fig. 2B) , and confocal microscopy (Fig. 2C ). This 132 observation was reproduced in a macrophage cell line, RAW 264.7 cells (Fig. S2A) . The 133 significant changes in expression of phagosome markers were not observed after infection with 134 hrpL-deleted but not wild-type (WT) Pto (Fig. S2B) (Fig. 2D) . At 24 h after injection, the numbers of 142 bacterial cells in the peritoneal cavity, blood, spleen, and liver were markedly lower in mice 143 challenged with Pto ΔhrpL than in WT mice (Fig. 2E) (Fig. S3A ). Aspartate transaminase (AST) and alanine transaminase (ALT) levels in blood 148 samples revealed a lower level of hepatic damage in Pto ΔhrpL-infected mice (Fig. S3B) .
149
Taken together, these results suggest that effectors secreted via the T3SS successfully inhibit 150 phagocytosis in vivo.
151
Type III effectors inhibit actin-mediated early phagosome formation.
152
In the animal immune system, macrophages act as gatekeepers to prevent bacterial infection; 153 however, bacteria have evolved various mechanisms to escape capturing by these cells (16, 31).
154
Some animal pathogens produce actin-related proteins to regulate actin polymerization (32, 155 33), which is important for phagocytosis (34, 35) . We showed that T3SS-derived effectors 156 inhibit internalization of Pto via suppressing phagocytosis by macrophages; therefore, actin-
9
Pto ΔhrpL, accumulation of F-actin was observed only around engulfed bacteria in the 160 phagosome (total F-actin) (Fig. S4 ). To investigate this in greater detail, remodeling of RAW (Fig. 3A) . Second, time-lapse observation of RAW 264.7 macrophages during 165 bacterial infection revealed that both the number and frequency of phagocytic cups were 166 significantly higher in cells infected with ΔhrpL ( Fig. 3B and Fig. S5 ). Additionally, compared 167 with the ΔhrpL mutant, Pto markedly inhibited protrusion and retraction (Fig. 3C ). Since the The bacterial type III effector HopQ1 is central to inhibition of phagocytosis.
180
Pto harbors at least 28 effectors that are fully active and expressed at levels detectable in a (Fig 6A) and RAW 264.7 cells post-infection (Fig 6B and Movies S1-S2).
225
Additionally, to confirm that HopQ1 regulates phagocytosis in vivo, mice were injected with 226 E. cloacae expressing HopQ1 and the blood, spleen, and liver were examined after 24 h.
12
Tissues from mice infected with HopQ1-expressing E. cloacae contained significantly more 228 bacteria than those from mice infected with control E. cloacae (Fig 6C effector in a plant host is known as one of mechanism that disrupts plant immune system. One 260 example is that HopG1 targets actin in the actin filament network of the plant cell (43).
261
The Pto effector HopQ1 played a key role in regulating LIMK1/cofilin1 phosphorylation, In conclusion, the present study is the first to show that a plant pathogen can evade the 277 mammalian innate immune system and can cause sepsis in animals. These studies also AST and ALT were analyzed using an automated blood chemistry analyzer (Hitachi 7150). were cultured in King's B broth media at 28°C (S1 Table) 30°C for 2 h with shaking prior to plating on King's B agar containing kanamycin (50 µg/mL).
330
The P. fluorescens type III effector strains are described in Table S1 . The pBBRBB-DsRED
331
(red fluorescence) and pBICEP-hopQ1-1 vectors were introduced into E. cloacae by 332 electroporation, replacing 300 mM sucrose with 10% glycerol. 10,000 events per sample were collected and data were analyzed using FlowJo software v10.1. ELISA. Cytokines (TNF-α, IL-1β, and IL-6) in the culture medium were measured using were analyzed using a the Student's t test. The significance of differences in survival was 416 determined using a log-rank test. examined by immunoblot analysis.
